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Predictor variables for a half marathon race time in
recreational male runners
Abstract
The aim of this study was to investigate predictor variables of anthropometry, training, and
previous experience in order to predict a half marathon race time for future novice recreational
male half marathoners. Eighty-four male finishers in the ‘Half Marathon Basel' completed the
race distance within (mean and standard deviation, SD) 103.9 (16.5) min, running at a speed of
12.7 (1.9) km/h. After multivariate analysis of the anthropometric characteristics, body mass
index (r = 0.56), suprailiacal (r = 0.36) and medial calf skin fold (r = 0.53) were related to race
time. For the variables of training and previous experience, speed in running of the training
sessions (r = -0.54) were associated with race time. After multivariate analysis of both the
significant anthropometric and training variables, body mass index (P = 0.0150) and speed in
running during training (P = 0.0045) were related to race time. Race time in a half marathon
might be partially predicted by the following equation (r2 = 0.44): Race time (min) = 72.91 +
3.045 * (body mass index, kg/m2) -3.884 * (speed in running during training, km/h) for
recreational male runners. To conclude, variables of both anthropometry and training were
related to half marathon race time in recreational male half marathoners and cannot be
reduced to one single predictor variable.
© 2011 Rüst et al, publisher and licensee Dove Medical Press Ltd.  This is an Open Access article  
which permits unrestricted noncommercial use, provided the original work is properly cited.
Open Access Journal of Sports Medicine 2011:2 113–119
Open Access Journal of Sports Medicine Dovepress
submit your manuscript | www.dovepress.com
Dovepress 
113
O R i g i n A L  R e S e A R c h
open access to scientific and medical research
Open Access Full Text Article
http://dx.doi.org/10.2147/OAJSM.S23027
Predictor variables for a half marathon race time 
in recreational male runners
christoph Alexander Rüst1
Beat Knechtle1,2
Patrizia Knechtle2
Ursula Barandun1
Romuald Lepers3
Thomas Rosemann1
1institute of general Practice and 
health Services Research, University 
of Zurich, Zurich, Switzerland; 
2gesundheitszentrum St gallen,  
St gallen, Switzerland; 3inSeRM U887, 
University of Burgundy, Faculty of 
Sport Sciences, Dijon, France
correspondence: Beat Knechtle 
Facharzt FMh für Allgemeinmedizin, 
gesundheitszentrum St gallen, 
Vadianstrasse 26,  
9001 St gallen, Switzerland 
Tel +41 0 71 226 82 82 
Fax +41 0 71 226 82 72 
email beat.knechtle@hispeed.ch
Abstract: The aim of this study was to investigate predictor variables of anthropometry, 
 training, and previous experience in order to predict a half marathon race time for future novice 
recreational male half marathoners. Eighty-four male finishers in the ‘Half Marathon Basel’ 
completed the race distance within (mean and standard deviation, SD) 103.9 (16.5) min, running 
at a speed of 12.7 (1.9) km/h. After multivariate analysis of the anthropometric characteristics, 
body mass index (r = 0.56), suprailiacal (r = 0.36) and medial calf skin fold (r = 0.53) were 
related to race time. For the variables of training and previous experience, speed in running 
of the training sessions (r = −0.54) were associated with race time. After multivariate analysis 
of both the significant anthropometric and training variables, body mass index (P = 0.0150) 
and speed in running during training (P = 0.0045) were related to race time. Race time in a 
half marathon might be partially predicted by the following equation (r2 = 0.44): Race time 
(min) = 72.91 + 3.045 * (body mass index, kg/m2) –3.884 * (speed in running during training, 
km/h) for recreational male runners. To conclude, variables of both anthropometry and training 
were related to half marathon race time in recreational male half marathoners and cannot be 
reduced to one single predictor variable.
Keywords: anthropometry, body fat, skin-folds, training, endurance
Introduction
Running is a popular sports discipline and can be performed over various distances.1,2 
Different physiological, anthropometric, and training characteristics seem to influence 
running performances depending upon the length and the duration of the performance.3–6 
Regarding the anthropometric characteristics, the relationship of skin-fold thickness to 
running performance has been discussed for a number of years. Hagan et al reported in 
1981 that the sum of seven skin-folds was correlated to a marathon performance time.7 
Bale et al showed in 1986 that the total sum of skin-folds, the type and the  frequency 
of training, and the running experience such as the number of years  running were 
the best predictors of running performance and success over the 10,000 m distance.8 
A correlation of thicknesses of selected skin-folds with running performance has been 
reported for top class male and female runners of distances from 100 m to 10,000 m 
and the full marathon distance.9,10 High correlations were found for the front thigh and 
medial calf skin-fold with both 1500 m and 10,000 m race times in male  runners.9 Other 
anthropometric characteristics related to running performance apart from selected skin-
fold thicknesses were the sum of skin-folds,11,12 body mass,13–15 body mass index,11,14,16 
percent body fat,11,14,17 and the circumference of upper arm.14,15,18 These associations 
were mainly found in ultra-marathoners.
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Apart from anthropometry, the volume and intensity 
of training sessions have also been reported to influence 
running performance. Bale et al showed that elite runners 
who  averaged higher training frequencies, a higher weekly 
training volume and had more running experience performed 
better over the 10,000 m distance.8 In marathon finishers, the 
longest distance covered per training session was related to 
race time.19 In female marathoners, the number of training 
sessions per week and the number of years training were the 
best predictors of race performance at the marathon  distance.20 
Scrimgeour et al reported that runners who trained for more 
than 100 km per week had significantly faster race times over 
10 km to 90 km than athletes covering less than 100 km.21 
When the training of marathoners was analyzed in detail, 
several parameters such as training session days,  number 
of total training sessions, total kilometers covered during 
a training session, average number of kilometers  covered 
per training session, longest mileage covered per training 
session, the total of training minutes, maximal kilometers 
ran per week, average kilometers covered per week and the 
average kilometers covered per day were related to marathon 
performance times.7,19,22 Hewson and Hopkins described 
a correlation between the weekly duration of  continuous 
running at moderate intensity and the performance of runners 
specializing in longer distances.23 The intensity of training 
sessions was also important regarding race performance. 
Peak running velocity was highly related to a 5000 m run 
time for both male and female athletes.24
The lower thickness of the skin-folds of the lower limbs 
in high level runners seems to be due to training. Legaz 
and Eston investigated the change in skin-fold thicknesses 
across 3 years in high-level runners.10 Training resulted in a 
significant increase in performance and in a decrease in the 
sum of six skin-folds, abdominal, front thigh, and medial 
calf skin-folds. In a sample of 24 male and female endurance 
runners, they described a significant association between the 
decrease in front thigh skin-fold thickness and improvement 
in performance due to training.10
This background shows that the relationship of both 
skin-fold thicknesses and training variables to race 
performance has been investigated for running distances 
from 100 m to the full marathon length for male and 
female top athletes, but not for recreational male runners 
over the half marathon distance. In general, the largest 
group of competitors in half marathons and marathons are 
recreational runners, not professional runners.25 Therefore, 
the question whether there were relationships between both 
selected skin-fold thicknesses and training variables with 
a half marathon race performance for male recreational 
runners can be raised.
The first aim of this study was to investigate which basic 
variables of physical characteristics, training, or previous 
experience were related to a half marathon race time in 
recreational male runners. Based on the existing literature, 
it was hypothesized that variables of both anthropometry 
and training would be related to a half marathon race time 
in recreational runners. We intended to create an equation 
to predict a half marathon race time for future novice 
male half marathoners, based upon basic measurements 
of anthropometry and training. An equation based upon 
basic measurements of anthropometry and training might 
help future half marathoners to better prepare for the 
first half marathon. The second aim was to investigate 
potential associations between skin-fold thicknesses and 
training characteristics such as volume and running speed. 
A significant association would help the runners to better 
plan their training with either high volume or fast training 
sessions.
Materials and methods
Subjects and race
The organizer of the ‘Half Marathon Basel’ in Basel, 
Switzerland, contacted all the male participants in the 2010 
race via a separate newsletter, 3 months before the race, in 
which they were asked to participate in the study. A total 
of 691 male athletes started the ‘Half Marathon Basel’, 
from which 84 male starters volunteered to participate in 
the investigation. These athletes were all recreational and 
nonprofessional athletes, where a professional athlete was 
defined as a person who earns his livelihood with only the 
financial support of a sponsor, plus trophy money. Of the 
study group, all 84 subjects finished the ‘Half Marathon 
Basel’ within the time limit of 2.3 hours. The study was 
approved by the Institutional Review Board of the Canton 
of St Gallen, Switzerland. The subjects were informed 
of the experimental procedures and gave their informed 
written consent. The ‘Half Marathon Basel’ took place on 
12th September 2010, in the City of Basel, Switzerland. The 
athletes started at 11am and had to run one flat lap on asphalt. 
The weather was fine and dry. The temperature was 13°C at 
the start and the relative humidity was at 63%. The organizer 
provided nutrition and drinks at eight aid stations.
Measurements and calculations
Before the start of the race body mass, body height, and thick-
nesses of skin folds were measured. Body mass was measured 
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to the nearest 0.1 kg using a Beurer® BF15 scale (Beurer GmbH, 
Ulm, Germany). Body height was measured to the nearest 1 cm 
using a stadiometer. Body mass index (kg/m2) was calculated 
from body mass and body height. Skin-fold thicknesses were 
measured by the same investigator at the following eight 
sites: pectoral, triceps, mid-axilla, subscapular, abdominal, 
suprailiacal, front thigh, and medial calf. Skin-fold data were 
obtained using a skin fold caliper (GPM-Hautfaltenmessgerät, 
Siber and Hegner, Zurich,  Switzerland) and recorded to the 
nearest 0.2 mm. The measurements were made three times 
on the right side of the body and the means were analyzed. 
Readings were performed 4 seconds after applying the cali-
per to ensure the reliability of the skin-fold measurements.26 
An intra-tester reliability check was conducted on 27 male 
runners prior to testing. Intra class correlation (ICC) within 
the two judges was excellent for all anatomical measurement 
sites (ICC . 0.9).27 Percent body fat was calculated using the 
following formula according to Ball et al with percent body 
fat = 0.465 + 0.180 * (Σ7SF) – 0.0002406 * (Σ7SF)2 + 0.0661 * 
(age) where Σ7SF = the sum of the skin-fold thicknesses of pec-
toral, mid-axilla, triceps, subscapular, abdomen, suprailiacal, 
and front thigh mean skin-folds.28
Upon enrolling in the study the athletes were asked 
to maintain a comprehensive training diary recording all 
their training sessions, showing distance and duration, in 
the 3 months before the race. The training records included 
the weekly number of training sessions, showing duration, 
distance, and running speed, the weekly kilometers ran, the 
weekly hours ran, and the minimal and maximal kilometers 
ran per week. The athletes recorded their running speed 
during training in minutes/km. Additionally, they reported 
the number of years of active participation in running.
Statistical analysis
A power calculation was performed according to Gatsonis 
and Sampson.29 To achieve a power of 80% (two-sided Type 
I error of 5%) to detect a minimal association between race 
time and anthropometric characteristics of 20% (ie, coefficient 
of determination r2 = 0.2) a sample of 40 participants was 
required. Normally distributed data are presented as mean and 
standard deviation (SD). In a first step to reduce the number 
of predictor variables, the association of the variables of 
anthropometry, training and pre-race experience with total 
race time was investigated using bivariate correlation analysis. 
Given the multiple tests, Bonferroni correction was applied 
for n = 23 variables (P = 0.002).30 In a second step, multiple 
linear regression analysis was used to further investigate the 
relationship of variables with significance in the bivariate 
analysis to race time. A probability value of less than 0.05 
was accepted as significant for the multiple linear regression 
analysis. The best predictor variables were used to create 
an equation that could predict the half marathon race time. 
Bland–Altman analysis was used to determine absolute limits 
of agreement between predicted and effective race time. The 
coefficient of variation of performance (CV% = 100 × SD/
mean) for race time was calculated.
Results
The 84 participants completed the half marathon distance 
within 103.9 (±16.5) min (CV = 15.8%), running at a mean 
speed of 12.7 (±1.9) km/hour. In the bivariate analysis using 
the age and the anthropometric measurements, body mass 
index, the skin-fold thicknesses at pectoral, mid-axilla, 
triceps, abdominal, suprailiacal, and medial calf site and 
percent body fat were related to half marathon race time (see 
Table 1). For the variables of experience and training, the 
Table 1 Association between age, selected anthropometric and 
training variables with the half marathon race time for the 84 
runners
Anthropometric characteristics Result Pearson’s 
r
Age (years) 40.6 (10.2) 0.29
Body mass (kg) 76.2 (8.4) 0.29
Body stature (m) 1.78 (0.07) −0.21
Body mass index (kg/m2) 23.8 (2.1) 0.56*
Pectoral skin fold (mm) 9.3 (4.2) 0.48*
Mid-axilla skin fold (mm) 10.4 (4.6) 0.42*
Triceps skin fold (mm) 8.6 (3.1) 0.42*
Subscapular skin fold (mm) 11.5 (3.9) 0.33
Abdominal skin fold (mm) 19.1 (9.3) 0.41*
Suprailiac skin fold (mm) 21.4 (9.8) 0.36*
Front thigh skin fold (mm) 14.2 (6.3) 0.29
Medial calf skin fold (mm) 6.4 (2.4) 0.53*
Sum of eight skin folds (mm) 100.8 (35.7) 0.38
Body fat percentage (%) 17.7 (4.6) 0.49*
Training characteristics
Years as active runner 8.1 (8.9) 0.02
Weekly distance ran (km) 37.2 (18.2) −0.57*
Minimal distance ran per week (km) 17.8 (14.3) −0.47*
Maximal distance ran per week (km) 45.3 (28.6) −0.50*
hours ran per week (hour) 4.6 (6.3) 0.16
number of running training  
sessions per week
3.1 (1.2) −0.48*
Distance per running  
training session (km)
11.2 (3.1) −0.37*
Duration of running training  
sessions (minute)
62.8 (13.4) −0.19
Speed of the training  
sessions (km/hour)
10.6 (1.5) −0.54*
Notes: Results are presented as mean (SD); *significant after Bonferroni correction 
(P , 0.002 for 23 variables).
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weekly kilometers ran, the minimal and maximal distance 
ran per week, the number of running training sessions per 
week, the distance per running session, and the running speed 
of the training sessions were related to race time. When the 
significant anthropometric variables after bivariate analysis 
were inserted into a multivariate regression model, body mass 
index (P = 0.0097), both the suprailiacal (P = 0.044) and 
medial calf skin-fold thickness (P = 0.0350) were associated 
with half marathon race time (r2 = 0.45). For the training vari-
ables, running speed during training sessions (P = 0.0001) 
was related to race time after multivariate analysis (r2 = 0.47). 
When all significant variables of both anthropometry and 
training were inserted in a further multivariate regression 
model, body mass index and the speed of the training ses-
sions (see Table 2) correlated to race time. Race time in a 
half marathon might be partially predicted by the following 
equation (r2 = 0.44): Race time (minutes) = 72.91 + 3.045 * 
(body mass index, kg/m2) −3.884 × (speed in running dur-
ing training, km/hours) for recreational male runners. The 
predicted race time using this equation was 104.0 (10.4) min-
utes and correlated highly significantly to the achieved race 
time (see Figure 1). Figure 2 shows the level of agreement 
using Bland–Altman method (Bias = −25.1 ± 25.1 minutes) 
between the effective and the predicted race time. Intra class 
correlation (ICC) between effective and predicted race time 
was 0.73.
Skin-fold thicknesses with the exception of mid-axilla, 
triceps, and subscapular skin-fold and body fat were associ-
ated with both the weekly kilometers ran and the running 
speed during training (see Table 3). Weekly running hours 
were not related to skin-fold thicknesses and body fat.
Discussion
The first aim of this study was to investigate which basic 
variables of physical characteristics, training, and previous 
experience were related to the half marathon race time in 
recreational male runners. Based on the existing literature, 
Table 2 Associations between significant characteristics of 
anthropometry and training with race time after multiple linear 
regression (n = 84)
Variables β SE P-value
Body mass index 2.14 0.86 0.0150
Suprailiac skin-fold −0.02 0.18 0.8873
Medial calf skin-fold 1.80 0.84 0.0643
Speed of the training session −3.32 1.13 0.0045
Notes: β = regression coefficient; SE = standard error of the regression coefficient; 
the coefficient of determination (r2) of the model was 44%. Body mass index and 
speed of the training session were related to race time.
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Figure 1 The predicted half marathon race time correlated significantly to the 
achieved half marathon race time (n = 84) (r = 0.63, P , 0.0001).
it was hypothesized that variables of both anthropometry 
and training would be related to a half marathon race time, 
not only a single anthropometric characteristic such as a 
skin-fold thickness of the lower limbs. In accordance with 
our hypothesis, both body mass index as a variable of anthro-
pometry and speed in running during the training sessions as 
a variable of training were related to the half marathon race 
time. Although skin-fold thicknesses of the lower limbs were 
related to running performance in elite athletes 9, lower limb 
skin-fold thicknesses no longer appeared to be predictive 
in runners when corrected in a multivariate analysis with 
 characteristics of training and previous experience.31–33
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Figure 2 Bland–Altman plots comparing predicted with effective race time.
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Association of anthropometric 
measurements with the half marathon 
race time
The main intention of our study was to find an association 
between skin-fold thicknesses and the half marathon race time 
in male recreational runners, as has been described for male 
high-level runners over 1500 m and 10,000 m.9 Arrese and 
Ostáriz reported significant and positive correlations between 
the front thigh and the medial calf skin-fold thickness with 
1500 m and 10,000 m race times for elite male runners, but 
not for marathoners.9 We can confirm their findings that the 
calf skin-fold thickness was also significantly and positively 
related to running performance in these recreational male run-
ners over the half-marathon distance after bivariate analysis, 
but not for the front thigh skin-fold. An explanation of these 
different findings could be that Arrese and Ostáriz did not 
include runners over the half marathon distance, but highly 
trained male runners over distances from 100 m to 10,000 m 
and the full marathon distance with a coefficient of variance 
(CV) in race performance for male marathoners of 2.19%, 
drawn from the Top 50 sprinters and long-distance runners 
in Spain.9 In contrast, the present study was focused on rec-
reational male runners who were much more heterogeneous 
over the half marathon distance (CV = 15.8%).
In the multivariate analysis of the anthropometric mea-
surements, body mass index and both the medial calf and 
the suprailiacal skin-fold thickness were also related to race 
time. The finding that the suprailiacal skin-fold thickness was 
related to half marathon race time might be due to the higher 
body mass index of these recreational runners  compared 
to the elite runners of Arrese and Ostáriz.9 The body mass 
index in the 10,000 m runners of Arrese and Ostáriz was 
20.06 kg/m2,9 which was considerably lower compared to 
the body mass index of 23.8 kg/m2 in these recreational 
runners. Several studies have yielded a relationship between 
body mass,7,8,13–15 body mass index,11,14,16,22,34 body fat,11,14,17,22 
and performance for long distance runners. In the present 
study, both percent body fat and body mass index were also 
significantly related to the half marathon race time in the 
bivariate analysis. However, in the multivariate analysis, 
body fat remained no longer a significant predictor variable 
of anthropometry. We must assume that skin-fold thick-
nesses and percent body fat are of lesser importance than 
body mass index for recreational male runners than it is for 
elite runners.
Association of training variables  
with the half marathon race time
For marathoners, the number of training session days, the 
number of total training sessions, the total kilometers covered 
during a training session, the mean number of kilometers 
covered per training session, the longest mileage covered per 
training session, the total of training minutes, the maximal 
kilometers ran per week, the mean kilometers covered per 
week, and the mean kilometers covered per day were related 
to the marathon race time.19,22,23 For the recreational male 
half marathoners in this study, the weekly kilometers ran, 
the minimal and maximal distance ran per week, the hours 
ran per week, the number of running training sessions per 
week, and the running speed of the training sessions were 
related to the half marathon race time after bivariate analysis. 
In the multivariate analysis, however, only the running speed 
during training remained significant. Also, when controlled 
for the anthropometric measurements, the running speed 
during the training sessions remained the single predictor 
training variable. Additionally, for runners of distances less 
than a half marathon, the training speed was associated with 
performance. In 10,000 m runners, high-intensity training 
Table 3 Association between skin-fold thicknesses and training variables
Variable Weekly kilometers ran  
during training
Weekly hours ran  
during training
Speed in running 
during training
Pectoral skin-fold −0.30, P = 0.0051 0.05 −0.31, P = 0.0047
Mid-axilla skin-fold −0.20 0.03 −0.33, P = 0.0020
Triceps skin-fold −0.18 0.02 −0.38, P = 0.0003
Subscapular skin-fold −0.18 0.06 −0.27, P = 0.0143
Abdominal skin-fold −0.30, P = 0.0055 0.06 −0.37, P = 0.0006
Suprailiac skin-fold −0.33, P = 0.0023 0.18 −0.28, P = 0.0102
Front thigh skin-fold −0.35, P = 0.0012 0.06 −0.33, P = 0.0023
Medial calf skin-fold −0.46, P , 0.0001 0.21 −0.42, P , 0.0001
Sum of eight skin-folds −0.36, P = 0.0008 −0.12 −0.37, P = 0.0005
Percent body fat −0.33, P = 0.0021 −0.12 −0.38, P = 0.0004
Note: P-values are represented when the correlation analysis showed a significant relationship.
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was related to performance,35 and in distance runners the 
peak running velocity over 5000 m was highly predictive of 
the distance running performance.24 We must assume that 
the intensity in training is more important than the volume 
for a fast race time in a half marathon.
Association of training variables  
with anthropometric characteristics
The second aim was to investigate potential associations 
between skin-fold thicknesses and training characteristics 
such as volume and running speed. Based upon previous 
studies of runners up to the marathon distance, an association 
between lower body skin-fold thicknesses and variables 
of training might be expected. Legaz and Eston described 
in a sample of 24 male and female endurance runners a 
significant association between the decrease in front thigh 
skin-fold thickness and improvement in performance due to 
training (r = −0.74, P , 0.001).10 We found an association of 
skin-fold thicknesses and body fat with both weekly running 
kilometers and running speed during training. However, 
skin-fold thickness at mid-axilla, triceps, and subscapular 
were not associated with weekly running kilometers. 
In addition, weekly running hours were not related to skin-
fold thicknesses and body fat. Nonetheless, we can confirm 
the findings of Legaz and Eston that anthropometric and 
training characteristics are related.10 However, a decrease in 
skin-fold thickness during training might also be due to diet. 
Regarding the present results, future novice half marathoners 
should rather focus on a fast running speed during training 
since all skin-fold thicknesses were related to running speed 
in training, but not all skin-fold thicknesses were associated 
with weekly kilometers ran.
Strength, limitations, and implications  
for future research
The principal strength of this study is that little information 
about half marathon performance on recreational runners 
exists and this study provides data to the literature for half 
marathoners. A cross-sectional study is, however, limited 
regarding the influence and effects of anthropometry and 
training on race time in runners, since only an intervention 
trial can answer this question. Other limitations are the 
lack of fitness evaluation of these athletes. We focused this 
investigation on anthropometry, pre-race experience, and 
training. Other aspects such as somatotype of the athlete, 
nutrition, and influence of environment were not considered. 
Unfortunately we have no data about energy deficit, or 
 disorder in fluid or electrolyte metabolism which also might 
affect endurance performance. The rather small correlation 
coefficient in the equation might be due to the fact that we 
did not include physiological characteristics such as critical 
power,36 running velocity at the lactate turnpoint,37 treadmill 
velocity,38 or the running speed at lactate threshold and 
maximum lactate steady state.39 In a recent laboratory study 
using twelve subjects, the velocity at both lactate threshold 
and maximum lactate steady state explained 85% and 87% 
of the variance in running performance.39 However, to 
investigate more than 80 recreational half marathoners in 
a laboratory before a race is impossible due to logistical 
reasons. As an alternative, a field test could be performed to 
estimate maximum oxygen uptake.40
Conclusion
To summarize, both variables of anthropometry and training 
predict a half marathon race time in recreational male run-
ners and cannot be reduced to one single predictor variable 
such as skin-fold thicknesses. The thicknesses of skin-folds 
and body fat showed no association with half marathon 
race time after multivariate analysis, and running speed 
during training seems to be more important than volume. 
For future novice male half marathoners intending to start 
for the first time in a half marathon, race time might be 
partially predicted by the following equation (r2 = 0.44): 
Race time (minutes) = 72.91 + 3.045 * (body mass index, 
kg/m2) −3.884 * (speed in running during training, km/
hour). Future studies should include physiological variables 
in order to increase the correlation coefficient of an equa-
tion to predict a half marathon race time for recreational 
male runners.
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